Underwater robotic vehicles for infrastructure inspections and environmental monitoring by VIVIANI, RICCARDO

















I Underwater Pipeline Survey With a Towed
Semi-autonomous Vehicle 11
2 Underwater Pipeline Tracking 13
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 13
2.2 The automatic system for pipeline inspection . . . . . 16
2.3 Dynamic system modelling . . . . . . . . . . . . . . . 20
2.3.1 Cable model . . . . . . . . . . . . . . . . . . . 20
2.3.2 Vehicle model . . . . . . . . . . . . . . . . . . 29
2.4 Pipelines and cables detection method . . . . . . . . 31
2.4.1 Pipeline detection . . . . . . . . . . . . . . . . 31
2.4.2 Cable detection . . . . . . . . . . . . . . . . . 36
2.4.3 Analysis of the gradiometer performance . . . 37
2.5 Control System . . . . . . . . . . . . . . . . . . . . . 42
2.6 Synthetic environment simulation . . . . . . . . . . . 47
iii
CONTENTS
2.7 Towing tank test ﬁeld . . . . . . . . . . . . . . . . . . 52
2.7.1 Test of the attitude and depth control system 53
2.7.2 Test of the automatic guidance system:
cable docking . . . . . . . . . . . . . . . . . . 54
2.8 Conclusions . . . . . . . . . . . . . . . . . . . . . . . 58
2.9 Acknowledgement . . . . . . . . . . . . . . . . . . . . 60
II Fo´laga: a light low cost Autonomous Un-
derwater Vehicle for coastal oceanography 63
3 The Autonomous Underwater Vehicle Fo´laga 65
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 66
3.2 Fo´laga design and evolution . . . . . . . . . . . . . . 69
3.3 Surface navigation of Fo´laga II . . . . . . . . . . . . 77
3.4 Diving performance of Fo´laga III . . . . . . . . . . . 82
3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 83
III Adaptive on-line planning of environmen-
tal sampling mission with a team of cooperat-
ing autonomous underwater vehicles 87
4 Adaptive on-line planning of AUV Teams environ-
mental mission 89
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 90
4.2 Problem statement and general cooperative approach 98
4.3 Analytical approach: exploiting approximation prop-
erties of Radial Basis Functions . . . . . . . . . . . . 102
iv
CONTENTS
4.3.1 Auxiliary cost function . . . . . . . . . . . . . 111
4.4 Empirical approach: fuzzy-like planning algorithm . . 112
4.5 Mission implementation: optimality considerations and
the eﬀect of communication and localization uncer-
tainties . . . . . . . . . . . . . . . . . . . . . . . . . . 119
4.6 Simulative results . . . . . . . . . . . . . . . . . . . . 123
4.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . 130
4.8 Acknowledgment . . . . . . . . . . . . . . . . . . . . 134
5 Autonomous Mobile Sensor Networks 135
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 135
5.2 Environmental Adaptive Sampling: general setting . 140
5.3 Exploration Algorithms . . . . . . . . . . . . . . . . . 142
5.3.1 Error estimation and exploring radius compu-
tation . . . . . . . . . . . . . . . . . . . . . . 144
5.4 Distributed measurement point selection in static topol-
ogy networks . . . . . . . . . . . . . . . . . . . . . . 145
5.4.1 Navigation towards the new sampling points . 148
5.4.2 Static Topology Networks : simulation results 149
5.5 Distributed measurement point selection in reconﬁg-
urable networks . . . . . . . . . . . . . . . . . . . . . 151
5.5.1 Navigation towards the new sampling points . 156
5.5.2 Reconﬁgurable Networks : simulation results . 157
5.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 159
6 Publications 161
Bibliography 164
v
